In this paper, 40 airports in Turkey were examined with the help of Data Envelopment Analyze (DEA) Model and it was aimed to measure the activities of year 2008. For this purpose, operation expenses, number of personnel, flight traffic and number of passengers were taken as input variables, whereas number of passengers/area, flight traffic/runway, total load and operation expenses were taken as output variables. The analysis was solved with DEA Solver and it was concluded that the most effective airports were Istanbul Atatürk, Antalya, Denizli Çardak, Sinop, Kayseri Malatya and Van F.Melen Airports.
Introduction
Air transport industry is one of the most important industries of the world. It began to manifest itself at the beginning of the 20 th century, and continued its development rapidly after technical improvements in particular. The development as well as achievements in technique and services in air transport is the most critical auxiliary in the progress of modern societies. After the flight of the first jet engine plane in 1949, commercial air transport grew more than 70 times. This unmatched growth has been the basic factor of economic development.
Air transport industry, which is one of the industries that has made great contribution to economic and social development of societies, has a very dynamic structure. The fast, safe and cushioned transportation that it provides increases the demand for its services on a daily basis; along with developed economic and social changes, privatization, commercialization, and liberalization have affected not only the air transport system but also the airports, which is its the most important element. As service industry investments, airports do not just meet transportation needs within these understandings; they have turned into investments that make business and generate income within the framework of their service range, and serve in a competitive environment with the awareness of the benefits that being an important transfer centre in the international transport network would bring. The best way for these investments to go forward in this change is to monitor their own performance and compare it with those of similar airports.
An examination of the studies on airports about performance and efficiency reveals that the most widely used technique was Data Envelopment Analysis (DEA) and effectiveness of 40 Turkish airports for the year 2008 was measured with input-oriented DEA method.
Effectiveness and Efficiency Measurements
Effectiveness and efficiency are among the most important concepts that establish the foundations of modern management philosophy. However, when several problem areas related to the evaluation of management process are taken into account, in most cases measuring performance becomes harder due to the lack of reliable and valid measurement techniques that have become standardized. It is even more difficult in the service industry compared to manufacturing industry as it includes hard-to-measure outputs such as service quality and customer satisfaction.
Today performance concept is gaining importance in especially the services industry. In most general terms, operation performance can be defined as the rate of success obtained by a business in a given period of time. In other words, performance is the qualitative and quantitative expression of the point reached by an individual, group or enterprise as measured against the inputs used for the aimed target. DEA, which is a method without parameter, is the most frequently used effectiveness measurement method; it is a technique with linear-programming base which aims to measure the relative performance of decision-making units. DEA determines the situation of the rate of mathematical total weighted outputs to mathematical total weighted inputs in terms of unit efficiency against the limit which represents best performance. This approach was first developed by Farrel and then improved by Farrel and Fieldhouse.
Review of Literature
The issue of measuring and improving performance at airports has attracted the attention of several researchers in the world. Quite a lot of studies exist in this area.
In their study dated 1997, Gillen and Lall evaluated efficiency and performance using the data of 21 USA airports belonging to years 1989 to 1992. Terminal effectiveness has 6 inputs, namely number of runways, number of gates, terminal area, number of employees, number of baggage conveyors and passenger parking area, and 2 outputs, namely number of passengers and size of cargo in tons. In addition, 4 inputs, namely the airport area, number of runways, area of runways and number of employees, and 2 outputs, namely air transport activities and direction activities were handled in order to measure the performance of activities at airports. An output-oriented system was used in the study and effort was made to explain the changes between airports depending on time in performance. Martin and Roman (2001) used data envelopment method in order to evaluate the performance of Spanish airports before privatization. Based on 1997 data 37 airports in the country were assessed. In the article, the inputs were given as expenses related to workmanship, capital and material, whereas air transport activities, number of passengers and size of cargo in tons were given as the outputs. Number of runways, number of gates, terminal area and number of employees were not used due to insufficient data. In effectiveness evaluation process, it is also important to examine how effectiveness developed in time. For this purpose, Malmquist Total Factor Effectiveness index, which includes time dimension, was developed. This index is used for measuring efficiency in time. Melchor and Carmen (1999) examined airport effectiveness in Spain with Malmquist index. Francis et al. (2002) examined 200 airports in their study and investigated the validity and structure of applications in airports with the help of a survey applied to managers. Humphreys and Francis (2002) examined the changing structure of airport performance indicators so as to measure the current and future airport performance. Pels et al. (2001) used DEA to examine air transport activities and passenger activities by determining the relative effectiveness of European airports between 1995 . Pels et al. (2003 investigated the inefficiency and scale economies in operation of European airports. In their article, physical capacity data were also included, but it was stated that environment-related capacity data and delay in schedule data were not available and therefore used.
Adler and Berechman (2001) developed a model so as to determine the relative effectiveness and quality of airports. In the literature, previous studies used subjective data of passengers, whereas this study ued definitions made by airways. In evaluation part of the study it was concluded that average of statistical analysis was a function of quality factors and airports. In this study, DEA and basic components analysis method was used so as to determine the relative quality level of airports. Fernandes and Pacheco (2002) aimed to obtain maximum output with their BCC model. The researchers examined 35 airports in Brazil and defined the inputs as apron area, exit area, number of entry check points, limitation façade, number of vehicle parking lots and baggage declaration, whereas the only output was defined as number of domestic terminal passengers both on and off board. In the study potential demand estimations were also made for the years 2002, 2007 and 2017 . Different scenarios were derived and interpretations were made as to how effectiveness would be affected. (2003) conducted a study which handled managerial and physical dimensions so as to evaluate the 1998 performance of 35 local Brazilian airports. Researchers used BCC model in data envelopment analysis and tried to minimize inputs. The 3 inputs were determined as average number of employees, payrolls including direct and indirect benefits and operation expenses, and the 5 outputs were identified as number of domestic terminal passengers, number of cargo and mails, operation revenues, commercial revenues and financial and other revenues. In addition, a comparison was made with the conclusions of the previous study. Bazargan and Vasigh (2003) evaluated 45 USA airports using CCR method. The inputs were operation expenses, non-operation expenses, number of runways and number of gates whereas the outputs were taken as number of passengers, number of air transport activities, number of other activities, aviation revenues, non-aviation revenues, and percentage of timely operations. Holvard and Graham (2004) examined the British airports with data envelopment analysis method. Oum et al. (2002) compared 50 major airports in Asia, Pacific, Europe and North America in terms of their productive efficiencies by first calculating Total Efficiency Factor (TEF), then analyzing the TEF with regression models and finally by subtracting the factors which were not under control of the management. According to the results of this study, major airports are expected to obtain higher TEF values due to their economic indicators in aviation operations; however, this does not mean that they are more effective than smaller airports. It is expected that airports with higher international traffic percentage will have lower TEF values.
Pacheco and Fernandes
A study on Taiwan measured physical effectiveness of 14 local airports in the case of existence of environmental impacts and unwanted outputs (Yu, 2004) . The study was designed as output-oriented and covers managerial and physical values. In this model inputs were determined as runway area, apron area, terminal area and number of routes of each airport. The outputs were defined as the number of flight traffic activities, number of passengers and, as an unwanted factor, the noise produced by planes.
Based on the data of 5 years, Sarkis and Talluri (2004) evaluated the performance of 44 airports in the USA using multi-criteria non-parametric models. The inputs of this study were airport operation expenses, number of employees in the airport, number of gates and runways. The outputs were operational revenues (parking fees, landing fees, user fees, commercial development revenues and charter revenues), passenger flow, commercial aviation activities and total cargo transfer. In this study results were obtained according to CCR and BCC effectiveness scores and interpreted. It was concluded that studies in the future would yield more realistic results by taking into consideration the impact of weather conditions and/or privatization.
A study conducted on 67 Japanese airports with data of year 2000 aimed at measuring input-based effectiveness (Yoshida and Fujimoto, 2004) . The inputs in this study were the length of runway, size of terminal, transport expenses and number of employees, whereas the outputs were passenger density, cargo carriage, and flight activities. In this study it was concluded that airports with bigger terminals and less users had lower effectiveness scores.
This literature search found out that the first study which used data enveloping method for evaluating the performance of Turkish airports was conducted by Düzakın and Güçray (2001) . The authors examined the privatization of the biggest and state-run airway company of the country. They emphasized that operational effectiveness of airports would be important for potential buyers and mentioned that it would be necessary to reorganize airports for this purpose. Kıyıldı and Karaşahin (2006) evaluated with DEA 32 airports which gave civilian air transport services. From the infrastructure data obtained for airports, the variables which would best reflect the infrastructure utilization capacity of airport were chosen (namely number of planes, number of aprons, number of X-ray devices and terminal usage area) and CCR model was applied; as a result, relative performance values and efficiency levels of airports were determined.
In their study in 2009, Peker and Baki (2009) examined airport effectiveness in 2007 using DEA. In this study 4 inputs and 2 outputs were employed and 5 of 14 major airports and 2 of 23 small airports were found as "effective".
Performance evaluation of Turkish airports according to their financial values was examined in a master's thesis (Kuyucak, 2001) . Moving from the input-output charts of airports, defined ratios were examined and interpretations were made on which airports would provide the best investment opportunities.
Methodology of The Study

Purpose of the Study
The basic purpose of this study is to measure the 2008 effectiveness of 40 airports in Turkey. In addition, another purpose is to calculate the extent to which inputs would be decreased or outputs would be increased so that the airports which are not or cannot be effective can reach the effectiveness limits.
Method Employed in this Study
In an intense and chaotic competitive environment, firms have to measure their effectiveness levels so that they can see their present situation in the industry and create a more effective management by estimating the future. Measurements show how efficient the firms use their resources and give them the opportunity to evaluate their competitive positions compared to their competitors. Such measures as effectiveness, efficiency, profitability and growth are used in evaluation of organizational performance.
CCR model is the first ad basic DEA model developed by Charnes, Cooper and Rhodes (1978) based on the idea of effectiveness. CCR calculates total effectiveness by accumulating the technical effectiveness and scale effectiveness of a unit in a single value. Although other models were developed, CCR is still the most widely used and recognized model. CCR model, which aims at output maximization, is given below:
Objective function CCR model measures total effectiveness under stable revenue assumption, whereas BCC model measures technical effectiveness by comparing units with similar scales based on the assumption that revenue varies according to scale. In this case effectiveness (E) is expressed as below:
Scope of the Study and Variables
In order to be able to apply DEA, decision-making units should be chosen, inputs and outputs should be determined, effectiveness values should be found and obtained results should be evaluated.
The study took the year 2008 as examination period. It was aimed to find the effectiveness of airports and potential changes in effectiveness in this period. Forty airports in Turkey were taken as decision-making units, which are shown in Annex-1. Data belonging to decision-making units were obtained from the web site of Directorate General of State Airfields. However, the airports in Turkey can be grouped into categories as big airports, which have annual 50.000 and above passenger capacity, and small airports, which have annual passenger capacity below 50.000. In this study all airports were examined under the same category as they were evaluated under common inputs and outputs, but the analytical findings were also evaluated separately.
Insert Table 1 here Determination of inputs and outputs belonging to the decision-making units which will be used in the analysis is highly important, as changing the chosen inputs and outputs causes differentiation in effectiveness scores. Several decision-making units might not be effective in other studies. Minimum decision-making unit recommended by Banker should be at least 3 times of the total number of inputs and outputs. In this study 4 input and 4 output variables will be used and the data of 40 airports will be used as decision-making units. Table 1 gives the details of inputs and outputs used in this study.
Insert Table 2 here In this model, when variables were chosen those variables which had the most appropriate correlations among available data were determined. It was preferred to leave out those input variables which were strongly correlated with each other and output variables. Table 3 gives correlation matrix of variables and table 4 provides the definitive statistics of these variables.
Insert Table 3 here
When the correlation matrix is examined, it can be seen that flight traffic variable, which is an input variable, is strongly correlated with output variables. Linear relation with flight traffic/runway variable was 0.9665, with total cargo was 0.9553 and operational revenues was 0.9720; likewise, the number of passengers variable reveals 0.9401, 0.9738 and 0.9874 linear relation with flight traffic/runway, total cargo and operational revenues, respectively. Input and output variables did not reveal important correlation in their own groups, either.
Insert Table 4 here
Analytical Results and Evaluation
Input-oriented DEA effectiveness figures for airports obtained by DEAP V.2.1 program are given in table 5 below. CCR models give total effectiveness values and BCC models give technical effectiveness. Technically-effective decision-making units show that, within the available technology and technological change, maximum output is obtained by using a given input combination or a given output combination is produced by using minimum inputs. If a technically-effective decision-making unit suffers from ineffectiveness caused by scale, the total result turns out as ineffectiveness as well.
Insert Table 5 here
As a result of the analysis, it can be seen that İstanbul Atatürk, Antalya, Denizli Çardak, Sinop, Kayseri, Malatya and Van Ferit Melen airports are effective. Compared with previous studies in this area, it has been observed that İstanbul Atatürk, Kayseri and Antalya airports were found as effective airports. In addition, Peker and Baki found Malatya and Denizli Çardak as effective airports. Adana and Trabzon airports are technically effective but they are not operated at proper scale which results in total ineffectiveness.
It can be seen that Ağrı and Isparta S.Demirel airports are operated at proper scale but are technically ineffective, which means that heir resources are not effectively employed. It can be understood that Balıkesir, Merzifon and Uşak airports are neither operated at proper scale nor they can use their resources effectively.
Ankara Esenboğa, İzmir A.Menderes, Erzurum, Gaziantep, Diyarbakır and Erzurum airports and Bursa Yenişehir, Çanakkale, Elazığ, Konya and Mardin airports are operated at proper scale but they cannot make effective use of their resources; thus, although they come close to technical effectiveness, they cannot be totally effective.
When potential improvements are examined, this gives the decrease needed in inputs (or the increase in outputs) by ineffective airports in order to reach effectiveness limit, it can be seen that effectiveness score of, say, Gaziantep aerodrome is 0.87, flight traffic idleness value is 17.56 and personnel number idleness value is 9.34. Accordingly, this airport will be effective if it increases flight traffic by 17.56% and decrease personnel number by 9.34%.
Conclusion
The increase in the number of airway companies as well as the comfort and time-saving in air transport made airport business an attractive one. For developing countries like ours whose resources are limited, effective operation of airports which cost lots of money is highly important, as airports have to be operated effectively so as to make it a profitable business. For this purpose, efficiency of airports should be controlled by making capacity usage analysis in regular intervals and new operation strategies should be adopted according to the obtained results.
Airports constitute the most complicated part of air transport system; they are the places where interest groups which are interacted with each other come together physically. As air transport provides fast, reliable and comfortable travel, people prefer air transport more and number of passengers increase on a daily basis. It is impossible for the airports to respond to this increase by renewing their infrastructure at the same pace. For this reason, performances of physical and workforce infrastructures required to meet the expectations of passengers should be monitored with "continuous improvement" philosophy so that current capacities of airports can be utilized at maximum level and users can obtained better service at higher quality. Performance of airports must be compared not only with their past performance but also with the performance of similar airports. Future studies might 
